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Claim 

A test system of logic circuits characterized by the following facts: it is a scan in/out test 
system; the scan in/out test system is composed of a first test control unit, which scans in/out the 
data bits in each flip-flop circuit of the logic circuit of an object for testing and compares them 
with first expected data corresponding to the scan-in data, and a second test control unit, which 
applies other test data to a data input terminal and compares the output data obtained at the data 
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output terminal with second expected data; this scan in/out test system performs scan in/out data 
input/output and scan-out, and, according to the comparison results obtained in said two control 
units, tests the function of the object for testing; said second test control unit has input/output 
circuit units corresponding to input/output terminals of the object for testing; the input/output 
circuit units are composed of a means for selecting and applying input data bits during said data 
input/output operation, a means for receiving output data bits, and a means for comparing the 
output data bits with expected data; each input/output circuit unit has a control data bit that 
selects and indicates the input/output operation, a 3-bit parallel register that temporarily stores 
the input/output expected data bit as well as a mask data bit that indicates valid/invalid of 
comparison, scan-in flip-flop circuits, three of them as a group, for receiving the various data bits 
that should be transferred to said register, and a decoding means that selects said flip-flop circuits 
one by one; in the second test control unit, the following operation is performed: at the scan-in 
operation timing executed by the first test control unit, the flip-flop circuits, which, three in a 
group, make the input/output control data, input/output expected data and mask data kept in a 
separately prepared memory means correspond to said input/output circuit unit by means of a 
decoding means, are selected one by one for scan-in; upon completion of the scan-in operation of 
the first test control unit, each data bit of a flip-flop circuit is transferred to said register and 
applied to the input/output circuit unit, according to the input/output control data in each register, 
the input/output circuit unit operates, the input data bit is applied to the input terminal of the 
object for testing, and, at the same time, by means of the comparison means in the input/output 
circuit unit, the output data bits obtained at the output terminal are compared with the expected 
data bits; by means of an OR output, a mismatch signal of the comparison result is detected as a 
total error in the data input/output operation; on the other hand, it is fed back to one circuit of the 
flip-flop circuits corresponding to the match/mismatch signal in said input/output circuit unit, 
and is kept there; then, at a scan-out timing of the first test control unit that is executed after that, 
the decoding means is adopted to perform an address scan operation, so that the feedback hold 
signal of the flip-flop circuit is sent out, and the output terminal at which the mismatch signal is 
obtained is identified. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a test system of logic circuits, especially a logic circuit in an 
intermediate assembly that carries a large-scale integrated circuit (LSI) having a scan-in/out 
function or plural logic circuit elements or LSIs and having a [logic] function. 

In the prior art, digital data processing systems have been made of logic circuits. 
However, in recent years, with development in semiconductor technology, especially integrated 
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circuit technology, microprocessors (MPUs) and other complicated functions having plural logic 
circuit elements made of semiconductors assembled in a single package have been realized, and, 
at the same time, they are provided at low cost and are widely used in many industrial fields for 
digital control. 

The logic circuits form a data processing system, such as a central processing unit (CPU) 
with an operation function, data holding function and data transfer function realized by a 
combination of latches, registers, flip-flop circuits (FF) and other sequence circuits prepared by 
connecting NOR, NAND, and other combination circuit elements as well as plural combination 
circuits to each other. 

In order to improve the reliability and serviceability of said data processing system, the 
system has parity check, automatic error correction, re-try, self-diagnosis, and other functions. 
On the other hand, for LSIs and intermediate assemblies, such as printed wiring boards, etc., in 
order to facilitate normal functioning and to locate problems sites, in a conventional data 
processing operation, in addition to data input (Pi) to the input terminal and data output (Po) 
from the output terminal, there is a means for reading (scan-out) data at any position of FFs that 
form said LSI or intermediate assembly, or for writing (scan-in) data at any position. It is well 
known that said means has been introduced widely. 

Prior art 

Conventional test systems for performing said scan-in/out testing can be roughly 
classified into a shift register system and an address system. In both systems, operation is 
executed in the following sequence: [a] scan-in; [b] logic operation by means of Pi/Po; and [c] 
scan-out. 

Figure 2(a) is a diagram illustrating an example of the constitution of an LSI/intermediate 
assembly as an object for testing having a scan-in/out function using the address system in the 
prior art and in an application example of this invention. 

Figure 2(b) is a diagram illustrating an example of connection of a flip-flop circuit (FF) 
having a scan-in/out function and as an object unit of scan-in/out. Figure 3 is a block diagram 
illustrating the test system of a logic circuit using a conventional address system. 

Figure 3 is a diagram illustrating the image of a printed wiring board as an example of an 
intermediate assembly, with object 1 for testing composed of an LSI or plural LSIs. The number 
n of scan-in/out objects FFi. n ranges from tens to thousands. As shown in Figure 2(a), for each 
FF, as (Si) selecting signal is applied to selector (MPX), the address data (Sadj. m ) of scan-in FF 
address unit (22a) of first test control unit (2) applied to decoder (DEC) is selected and output. In 
company with said Sadi. m , N=2m FFs are selected one by one, and, at the same time, data from 
scan-in data memory unit (Si data MEM) (21a) execute the scan-in cycle set with said selected 
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FF according to the scan-in set timing signal (CLK) applied to the CLK terminal of object (1) for 
testing separately. 

Here, a single buffer BUFF is shown for sending or receiving from first electrical 
connecting means (2) to object (1) for testing. However, for Sadi_ m BUFFs, there are m BUFFs 
corresponding to m bits. 

After the scan-in operation, second test control unit (3) applies test input data (Pi) of 
input/output expected data memory unit (Pi/Po data MEM) (32b) in parallel to all data input 
terminals Pii^ of object (1) for testing through input/output circuit unit (IOU) sequencing. At the 
same time, data are output from input/output control data memory unit (input/output control data 
MEM) (32a) that holds the input/output selection instruction data, and are sent to the selecting 
terminal of the tri-state circuit (TSL) of said IOU (31). Also, the outputs obtained from all data 
output terminals Poi. r are applied to exclusive-OR (EOR) through BUFF of IOU (31), and are 
compared with the data of output expected data memory unit (Po data MEM) (21b). The output 
is gated by means of mask data from valid/invalid instruction data memory unit (Po mask data 
MEM) (32c) applied to AND circuit (AND), and a match/mismatch signal in the effective EOR 
is output. 

In Figure 2(a), input terminals Pii^ and output terminals Poi- r are shown as dedicated 
terminals. However, as shown in Figure 3, IOU (31) has a constitution that allows it to cope with 
input and/or output terminals. 

After the test performed using data input/output from Pi/Po data MEM (32b) by means of 
second test control unit (3), by means of scan-out state (So) selecting signal from scan-out 
address unit (22b), first test control unit (1) performs scan-out for FFi_ n of object (1) for testing 
again through MPX (23) by applying address data (Sadi. m ). Said scan-out signal (So) is 
compared with the data of the scan-out expected data memory unit (So data MEM) by means of 
EOR of said control unit (1), and it is gated by means of mask data of scan-out valid/invalid 
instruction data memory unit (So mask data MEM) (21c) using AND, and a valid error signal is 
sent. 

Problems to be solved by the invention 

As explained above, the scan-in/out operation is executed in the following cycles: a 
scan-in cycle by means of serial distribution write of Si data to FFi_ n by means of first test 
control unit (2), a data input/output cycle to all input/output terminals by means of second test 
control unit (3), and a scan-out cycle by means of serial read of So data using first test control 
unit (2). 

Here, the operation performed by first test control unit (2) can be realized by means of 
connection using 4 - 10 or more signal lines. In the scan-in and scan-out cycles, the number of 
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steps needed corresponds to the number N of FF. On the other hand, in the data input/output 
operation using second test control unit (3), as few as two steps are enough. As far as the number 
of connecting lines (39) is concerned, even when those for error signal are excluded, the number 
of connecting lines (39) between the IOU (31) set in, say, the pin element portion, near object (1) 
for testing and the other circuits of second test control unit (3) left on the side of the test device 
main body has to be 3,072 when 1024 input/output terminals exist. 

In this case, it is necessary to allot memory regions corresponding to the terminal number 
to input/output data MEM (32a), Pi/Po data MEM (32b), and Po mask data MEM (32c) 
beforehand. Consequently, these memory regions may be prepared but become useless. 

For the test system and test device taking said LSI or intermediate assembly as a test 
object, it is preferred that the number of connecting lines be as small as possible, and that the 
allotment of memory regions be simple in meeting the aforementioned demand for diversified 
applications. In order to solve the aforementioned problems, this invention provides a test system 
of logic circuits. 

Means to solve the problems 

In order to realize the aforementioned objective, this invention provides a test system of 
logic circuits characterized by the following facts: it has a second test control unit that has 
input/output circuit units corresponding to input/output terminals of the object for testing; the 
input/output circuit units are composed of a means for selecting and applying input data bits 
during said data input/output operation, a means for receiving output data bits, and a means for 
comparing the output data bit with expected data; each input/output circuit unit has a control data 
bit that selects and indicates the input/output operation, a 3-bit parallel register that temporarily 
stores the input/output expected data bits as well as a mask data bit that indicates valid/invalid of 
comparison, scan-in flip-flop circuits, three of them as a group, for receiving the various data bits 
that should be transferred to said register, and a decoding means that selects said flip-flop circuits 
one by one; in the second test control unit, the following operation is performed: at the scan-in 
operation timing executed by a first test control unit, the flip-flop circuits, which, three in a 
group, make the input/output control data, input/output expected data and mask data kept in a 
separately prepared memory means correspond to said input/output circuit unit by means of a 
decoding means, are selected one by one for scan-in; upon completion of the scan-in operation of 
the first test control unit, each data bit of the flip-flop circuit is transferred to said register and 
applied to the input/output circuit unit, according to the input/output control data in each register, 
the input/output circuit unit operates, the input data bit is applied to the input terminal of the 
object for testing, and, at the same time, by means of the comparison means in the input/output 
circuit unit, the output data bits obtained at the output terminal are compared with the expected 



6 



data bits; by means of an OR output, a mismatch signal of the comparison result is detected as a 
total error in the data input/output operation; on the other hand, it is fed back to one circuits of 
the flip-flop circuit corresponding to the match/mismatch signal in said input/output circuit unit, 
and is kept there; then, at a scan-out timing of the first test control unit that is executed after that, 
the decoding means is adopted to perform an address scan operation, so that the feedback hold 
signal of the flip-flop circuit is sent out, and the output terminal at which the mismatch signal is 
obtained is identified. 

Operation 

According to this invention, for the signal applied to the data input/output terminals of 
the object for testing with the second test control unit, instead of direct distribution of the data 
with lines in a number three times that of the connecting line number corresponding to IOU (31) 
set on the periphery of the input/output terminals, a scan FF is set for each IOU (3 1), the 
necessary data are transferred in series by means of a small number of connecting lines by means 
of a scan-in system with respect to said FFs, and distribution is performed one by one using a 
decoding means. 

As far as increase in time due to serial transfer is concerned, usually, the number of data 
input/output terminals is smaller than the number of FFs of the object for testing. Consequently, 
by executing serial distribution of data using the scan-in system in the second test control unit 
during the scan-in operation timing of the first test control unit, the test time can be maintained 
virtually at the same level as that in a conventional test system, and the number of connecting 
lines of the object for testing can be reduced effectively in this test system. 

Application example 

In the following, this invention will be explained in more detail with reference to an 
application example illustrated by figures. 

Figure 1(a) is a block diagram illustrating the test system of the logic circuit in an 
application example of this invention. Figure 1(b) is a time chart illustrating the operation timing. 
The same part numbers are adopted to represent the same parts throughout the figures. 
Consequently, for object (1) for testing and first test control unit (2), the structure is the same as 
that in the prior art. Also, in second test control unit (3a), the structure of input/output circuit unit 
IOU (31) is the same as in the prior art. 

This application example of the invention differs from the prior art, in which input/output 
data are directly connected with lines to corresponding IOUs (31) as described in the gist above, 
in that during the scan-in cycle of first test control unit (2), in second test control unit (3a), too, 
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distribution is performed one by one by means of decoder (34) using input/output terminal 
address unit (33) to scan FFs (35a), (35b), (35c) newly set using the scan-in system. 

Decoder (34) successively selects scan FF (35a), (35b), (35c) corresponding to IOU (31) 
according to address signal Sad [i] of input/output terminal address unit (33), and performs 
scan-in for Si i/o(T) of the input/output control data, SiD(T) of Pi/Po data and Six(T) of Po mask 
data from input/output control data MEM (32aa), input/output expected data memory unit (Pi/Po 
data MEM) (32bb), valid/invalid instruction data memory unit (Po mask data MEM) (32cc), 
respectively. Also, in this timing, selector (MPX) (37) selects Six(T). In the time chart shown in 
Figure 1(b), this [timing] is indicated by [If], [lg]. 

Usually, the input/output terminal number is smaller than the FF number of the object of 
scan-in of object (1) for testing. Set timing CLK (T) in the various data to FF (35a)-(35c) is 
shared with scan-in set timing (CLK) in first test control unit (2), that is, [Ig] shown in Figure 
1(b). As a result, scan-in of second test control unit (3) comes to an end before that of first test 
control unit (2). 

The system is in standby state until completion of scan-in of first test control unit (2). 
Upon completion of said scan-in, according to [lb], a Pi/Po set timing signal is applied to all of 
registers (36a)-(36c), and the data of scan FFs (35a)-(35c) are all transferred to said register. In 
this case, for register (36a) set at, say, "1" with input instructed with Si i/o(T), TSL is turned ON, 
and input data item SiD(T) set in register (36b) is applied to input terminal Pi of object (1) for 
testing at [li]*. 

Consequently, in company with delay in the internal logic circuit of object (1) for testing, 
the output data of object (1) for testing are obtained at output terminal Po, and are applied 
through BUFF of IOU (31) to EOR. At this time, in register (36b) corresponding to another 
register (36a) set at "0" so as to assign output at Si i/o(T), output expected data Po from Pi/Po 
data MEM (32bb) is obtained from scan FF (35b) at register (36b) at the preceding [lh] Pi/Po set 
timing. Also, in a similar way, Six(T) from Po mask data MEM (32cc) is set in register (36c). 
Consequently, the output data of object (1) for testing are compared with output expected data Po 
in EOR, and, by means of AND, a match/mismatch signal that is gated as the valid signal by 
means of Six(T) is output. 

Said match/mismatch signal has a constitution such that OR is obtained on the output side 
of BUFF that is connected in tandem to the signal. If there is a mismatch signal, the signal is 
detected as a total error signal at [lk]. 



* [Due to the nature of the copy provided, step numbers in Figure 1(b) herein are best guesses.] 
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On the other hand, said AND output with mismatch signal obtained is input to the 
corresponding MPX (37). At this time, error set timing (Es) delayed by delay circuit (DL) (37) is 
applied to MPX (37) at [lh], and the mismatch signal is set in FF (35c). 

At this time, [lm] system clock is applied, and first test control unit (2) executes the 
scan-out cycle. Once again, Sadi_ m are sent one by one from SoFF address unit (22b), the 
contents of FFi_ n in object (1) for testing are read out one by one, and [le] scan-out check is 
carried out in a comparison checking/mask operation in the same way as in the prior art. 

In second test control unit (3), during execution of the scan-out cycle using first test 
control unit (2), by means of decoder (34), output terminal address unit (33) successively scans 
out scan FFs (35a)-(35c), and outputs Po check pin data So(T) by means of [In], and IOU (31) 
that sends out a mismatch signal from AND, that is, the output terminal, is identified. 

As explained above, in second test control unit (3), around the data input/output cycle at 
timing of scan-in/out of various data to scan FFs (35a)-(35c), treatment is performed during the 
scan-in/out period using first test control unit (2). Consequently, the test time in the data 
input/output cycle of second test control unit (3) is the same as that in the prior art, and, in a test 
time as short as that in the prior art, testing can be executed by means of scan-in/out of object (1) 
for testing. 

Also, compared with the prior art, the number of connecting lines for input/output data to 
object (1) for testing can be reduced because connecting lines (39) in the prior art are replaced 
with scan-in connecting lines (39a) to scan FFs (35a)-(35c). For example, while the number of 
connecting lines (39) in the prior art is 1,024 lines x 3 = 3,072 lines, in this invention, the number 
of connecting lines (39a) is reduced to 3, and, together with the 10 lines due to 1,024 = 2 10 from 
decoder (34) and 3 timing signal lines, there are only 16 lines. That is, in the region of second 
test control unit (2) [sic; (3)] where a long path is needed, the number of connecting lines can be 
reduced significantly. 

Also, the data stored in input/output control data MEM (32aa), Pi/Po data MEM (32bb) 
and Po mask data MEM (32cc) can be output in series with a single output means according to 
the scan-in/out sequence. Consequently, there is no need to set 1,024 circuits in each single 
output means of the data, and the memory region can be used at high efficiency. This is a 
secondary effect. In the above, explanation has been provided with respect to scan-in/out using 
an address system. However, the test also can be carried out in the same way by means of 
scan-in/out of object (1) for testing with said first and/or second test control units co mposed o f 
other shift register systems. 
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Effect of the invention 

As explained above, according to this invention, compared with the prior art, in which the 
data input/output operation is carried out with the input/output terminals of the object for testing, 
in this invention, without any increase in the test time, the number of connecting lines can be 
reduced significantly, and the test system for logic circuits of this invention can handle variety of 
objects for testing easily and at high efficiency. 

Brief description of the figures 

Figure 1(a) is a block diagram illustrating the test system for logic circuits in an 
application example of this invention. Figure 1(b) is a time chart illustrating the operation timing. 
Figure 2(a) is a diagram illustrating an example of the constitution of the object for testing in the 
application example of this invention. Figure 2(b) is a diagram illustrating an example of 
connection of a flip-flop circuit (FF) having scan-in/out function. Figure 3 is a block diagram 
illustrating the test system for logic circuits by means of an address system in the prior art. 
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